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Challenges in Eye-diagram Analysis of High-speed Systems 
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 Lossy coupled transmission lines 

       –Inter-Symbol Interference (ISI) and Crosstalk co-exist 

 Highly nonlinear transistor buffer 

      –Tens of thousands of transistors 

        –Simultaneous Switching Operation (SSO) strongly affects 
driver timing 

 Low BER requirement for (LP)DDR4 

 Equalizer (FFE and/or DFE) requirement for 
DDR5 
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Simulation technique - Bit-by-bit 
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• Captures any non-LTI effects 
• ISI and crosstalk effect can accurately be taken 
• Depend on more bits for accuracy 
• Time consuming  
• Difficult to establish multistage flow 
• Difficult to take Tx-AMI model if non-LTI 
• Non-LTI Rx-AMI can be taken 
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Simulation technique - Statistical 

• Compared to the traditional bit-by-bit, statistical eye can get a lower 
error rate, when the simulation bit number tends to infinity, the two 
simulation modes are equivalent, but the statistical eye is faster, 
because it only needs one bit to count.  

• Steps of statistical eye simulation . 
• Calculate the SBR (Single-Bit-Response) 

• Get the Cursor Domain 

• Count the PDF 

• Calculate the CDF and BER 

• Eye measurement 

• Display the Eye 
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Peak Distortion Analysis 

• Peak distortion analysis (PDA) calculates the worst case bit pattern 
from the step responses of the channel for eye analyses. Peak 
distortion analysis is calculated for each combination of Eye Source 
and Eye Probe. 

• Can estimate worst-case eye height and data pattern from pulse 
response 

• Worst-case “1” is summation of a “1” pulse with all negative non k=0 
pulse responses 

• Worst-case “0” is summation of a “0” pulse with all positive non k=0 
pulse responses 
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Theoretical: Peak Distortion Analysis 

Worst Case 

Worst Case 

• SBR based PDA 

• DER based PDA 
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Theoretical: Peak Distortion Analysis 

Worst-case “1” 

Worst-case “0” 



Page  9 

PDA method Result Comparison  

TBD 
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Peak Distortion Analysis Work Flow 

DDR BUS 

Schematic topology data rate settings 
Choose simulation 

method 
Buffer selection Run 



Page  11 

Eye inner contour 
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CPUMEM (PDA SBR) – Results1 
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CPUMEM (PDA SBR) – Results2 
Eye inner contour of each data 
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CPUMEM (PDA DER) – Results 
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CPUMEM (transient) – Results 
V-T waveform 

Eye-diagram 
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Summary 

• PDA (Peak Distortion Analysis) analysis, quickly calculates the inner 
contour of channel eye diagram through the unit impulse response, 
and gives the influence of ISI and xtalk sources on eye diagram margin 

• SBR is a fast and efficient way to signal edges that are symmetrical 

• DBR is a more accurate way to asymmetrical signal edges 

• For asymmetric signal edges and nonlinear channels, the 
performance of the channel can only be accurately evaluated using 
the MER method 

 

 




